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In a series of papers published from 1922 to 1924 Besredka (1) and 
his collaborators have described methods of intra- and transcutaneous 
vaccination by which they have claimed successful immunization to 
cutaneous  infection with  streptococci and  staphylococci;  and  they 
have  reported astonishingly favorable  results  from clinical applica- 
tions  of  their methods.  The most successful of these results were 
obtained with filtrates of broth cultures injected intracutaneously or 
merely applied to large areas  of freshly shaven skin in the form of 
poultices.  These  filtrates  were  prepared  by  incubating broth  cul- 
tures for  10 days, filtering, reinoculating, incubating for another 10 
days,  then refiltering.  Such filtrates,  they report, would no longer 
support the growth of the specific organism, although other organisms, 
such  as  typhoid bacilli,  grew well in  them.  They believe that  a 
growth-inhibiting factor,  specific  in its action, develops in such cul- 
tures and that this substance is capable of inducing active immunity 
within a  period of 24 hours, if infiltrated into or poulticed upon the 
skin, but is quite ineffective if injected subcutaneously, intravenously, 
or intraperitoneally. 
Rivalier  (2),  working  with  streptococci  in  rabbits,  found  that 
filtrates  prepared  by  Besredka's  method conferred a  strictly  local 
immunity to the area of skin treated, but that other areas remained 
normally susceptible.  In spite of repeated cutaneous infections with 
virulent  organisms,  his  animals  never  developed an  immunity  to 
infection in untreated areas  of skin.  Rivers  (3),  in work published 
since  our  own  investigation was  undertaken,  found  that  repeated 
cutaneous infection with strains of streptococci isolated from cases of 
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human  erysipelas led to a  general immunity  of the skin, and that  the 
infiltration  of  areas  of  skin  with  sterile  infusion  broth  produced  a 
strictly local immunity  of the area treated within 24 hours. 
Production of Filtrates. 
Bacterial filtrates were  prepared  in  the  manner  described  by  Besredka  by 
inoculating flasks of extract or infusion broth  with  staphylococci from human 
sources, incubating 10 days, filtering, reinoculating, and refiltering after a second 
period of incubation.  In many instances this process was repeated up  to four 
reinoculations but the filtrate never lost the power of supporting the growth of the 
strain of organisms used.  Similar results were obtained in preparing filtrates of 
streptococci, although in this case it was necessary to correct the hydrogen ion 
concentration before reinoculating in order to assure growth.  Filtrates of cul- 
tures varying in age from 4 days to 10 weeks were used without variation in the 
results obtained. 
Animal Experiments. 
Preliminary experiments quickly showed that no general protection was con- 
ferred upon the animals either by the intracutaneous inoculation of the filtrates 
or by the poulticing of large areas from l0 to 15 cm. in diameter with dressings 
soaked in the filtrates.  In most of our experiments, therefore, test and control 
areas were selected in symmetrical locations on opposite sides of the same animal, 
since individual variations in susceptibility between different rabbits were often 
considerable.  The preparation to  be tested was infiltrated into  the  skin by a 
series of intracutaneous injections into a  freshly shaven  area  about 3  to 4  cm. 
in diameter until 2 cc. had been injected.  The animals were tested by intracu- 
taneous inoculation, into the prepared areas, of 0.1 cc. of a salt solution dilution of 
the total surface growth of a standard sized blood agar slant, the dosage varying 
from  t/100  to  1/1000  of a  slant.  Dosesof 1/500  to  1/250  of a  slant gave the 
sharpest results.  All inoculations made were with a single strain of Staphylococcus 
aureus isolated from a case of osteomyelitis, since this strain was the most virulent 
one for rabbits of those at our disposal.  The majority of the filtrates were made 
from this same strain, but two others were also tried without variation in results. 
The  test was usually made within  18  to 48  hours  after  the  infiltration of the 
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1.  Filtrate in One Area, Control Area Untreated. 
TABLE  I. 
Rabbit No.  Date of 
infiltration. 
Dec. 11 
"  15 
"  17 
Jan. 13 
"  14 
Date of test. 
Dec. 12 
"  16 
"  19 
Jan. 15 
"  15 
Dose 
(fraction of one 
blood agar 
slant). 
1/500 
1/250 
1/1000 
1/1000 
1/looo 
Results. 
Protec~d  area.  Con~ol  ~ea. 
±  ++++ 
+++  ++++ 
+  ++ 
±  ++÷ 
±  ++ 
In this and the following tables 4- indicates a lesion less than 0.5 cm. in diameter, 
without  necrosis;  +,  a  lesion from 0.5  to  1 cm.  in diameter, without necrosis; 
+  +, a lesion from 1 to 2 cm., with necrosis and definite purulent exudate; +  +  +, 
a  lesion from  2  to 3  cm.  with necrosis and definite purulent exudate; +  +  ++, 
lesions over 3 cm. in diameter, with marked necrosis and purulent exudate. 
The  difference between  the  infiltrated and uninfiltrated  areas  was 
always definite, although the actual size of the area varied considerably 
with the dosage and still more with the individual differences between 
rabbits. 
2.  Test of the Broth Alone. 
Rabbit A was infiltrated in two areas, one with extract and one with hormone 
broth.  24 hours later these two areas and an untreated one were all  inoculated 
with 1/500 of a slant. 
Normal area ....................................................  ÷++ 
Extract  broth area .............................................  ÷ 
Hormone  "  "  ± 
Both  types  of  broth  gave  definite  protection,  the  hormone  broth 
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3.  Filtrate in One Area,  Extract Broth  in Second.  Control 
Untreated  Area. 
TABLE  II. 
Rabbit No. 
6 
7 
8 
9 
10 
11 
Date of 
infiltration. 
Jan. 16 
"  16 
Feb. 3 
"  3 
"  4 
"  4 
Date of tcsL 
Jan. 17 
"  17 
Feb. 5 
"  5 
"  6 
~  6 
Dose. 
1/lOOO 
1/looo 
i/5oo 
1/250 
1/25o 
1/250 
Filtrate 
area. 
Lcslons. 
Extract 
broth area.  --Z- 
+ 
+ 
-4-  4- 
+  + 
+  + 
+  + 
Control  area. 
Not done. 
+++ 
+++ 
+++ 
+++ 
Both filtrate and extract broth produced a definite degree of immun- 
ity of the locality infiltrated, but in none of the animals could any 
significant difference in effectiveness between uninoculated broth and 
filtrate be  noted.  The lesions in  the  infiltrated areas  were  always 
small, indurated, and never showed more than a single drop of pus in 
the  center  at  any stage.  They generally healed without  breaking 
down  and  discharging.  In  contrast,  the  normal  areas  developed 
large, purulent areas, with necrosis and sloughing at the center, and 
were surrounded by a wide border of erythema. 
To see if variation in the infecting dose could bring out  significant 
variation in effectiveness between broth and filtrate in a single animal, 
the following experiment was done.  Three areas on each side of the 
animal were infiltrated intracutaneously, those on the left with extract 
broth, those on the right with filtrate. 
TABLE  III. 
Rabbit No.  Dose. 
1/loo 
12  1/25o 
1/50o 
_  Broth  -~- ~-"[-  =:k:  -~"  areas.  Filtrate areas. 
+++ 
-4- 
-4- 
Control area. 
++ 
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In further attempts to bring out possible differences between bac- 
terial filtrates and broth, the time intervals were varied widely. 
TABLE  IV. 
Rabbit  No.  Interval  since  Dose.  Filtrate  areas.  Broth  areas.  Control  areas.  infiltration. 
13 
14 
15 
16 
17 
hrs. 
4½ 
8 
12 
24 
48 
72 
days 
8 
15 
1/soo 
1/500 
1/250 
1/5oo 
1/5oo 
1/5oo 
1/400 
1/400 
4- 
4- 
4- 
4- 
q- 
+ 
4- 
++ 
4- 
4- 
q- 
4- 
+ 
+ 
+ 
+ 
+ 
+-i- 
T++ 
q-q- 
+++ 
At none of the intervals tested from 4½ hours up to  14 days could 
significant variation between broth and filtrate areas be shown. 
4.  Attempts  to  Immunize  by  the  Transcutaneous  Method  with Moist 
Dressings Applied to the Freshly Shaven Skin. 
Large areas were always shaved containing at  least  100  to  200 sq.  cm.  A 
thick dressing of absorbent cotton and gauze, thoroughly saturated in the filtrate 
or broth, was firmly bound over the area and left in place for 24 hours.  Separate 
rabbits were used for the broth and the filtrate dressings,  and each rabbit was 
then tested in the treated area and in a freshly shaven one. 
TABLE  V. 
Rabbit No.  Dressing. 
18  Broth. 
19  Filtrate. 
20  Broth. 
21  Filtrate. 
Dose. 
1/25o 
1/2.5o 
1/25o 
1/250 
Treated area.' 
++ 
++ 
+++ 
+q-+ 
Control area. 
++ 
++ 
+++ 
+++ 
The lesions  in  the treated areas,  although not differing materially 
in size from the control lesions, were slightly more discrete and showed 
less surrounding border of erythema.  No difference whatever between 
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5.  Reinoculation  Experiments. 
TABLE  VI. 
Length of time 
Rabbit No.  since first abscess  Dose.  Old areas.  Control areas. 
was produced. 
22 
7 
23 
days 
24 
25 
33 
28 
33 
56 
1/250 
1/1000 
1/<500 
1,/250 
1/500 
1/250 
~z 
+ 
++ 
+++ 
+++ 
++ 
++++ 
+++ 
+++ 
Several  areas  where  abscesses had  completely  healed,  except  for 
a small white scar, were reinoculated close to, but not into, the visible 
scar tissue, with the same strain of Staphylococcus  aureus. 
If inoculation is done very close (0.5  to  1.0 cm.)  to  the  scar of a 
healed  staphylococcus abscess,  a  definite  local  immunity  is  evident 
for at least 4  to 5 weeks.  In one area tested after 8 weeks this had 
disappeared.  If the inoculation is as much as 1.5  to 2  cm. from the 
visible scar an abscess of the ordinary size is produced. 
No  evidence of a  general  cutaneous immunity  appeared,  even in 
animals like No. 1, which received a total of eight reinoculations.  To 
test  this  further,  Rabbit  7  was  reinoculated  eleven  times,  the  last 
nine injections being in groups of three at weekly intervals.  He still 
developed an abscess of the usual size (+  +  +) with a dose of 1/500 
of a  slant 1 week after the last three injections. 
6.  Inoculation  of Healed Areas with ~gtreptococci. 
Healed sites of staphylococcus infections were tested with a  strain 
of streptococci  freshly isolated from a  case of human  erysipelas.  It 
was not very virulent for rabbits but produced sharply defined areas of 
erythema and induration without necrosis or pus formation.  A second 
strain isolated from a case of human septicemia proved more virulent 
and was used in the last three tests. 
As  in  the  reinoculation  experiments  with  staphylococci,  it  was 
necessary to keep very close to the scar of the former abscess to demon- 
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TABLE  VII. 
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Length of time 
Rabbit No.  since first abscess  Dose.  Old areas.  Control areas. 
was produced. 
4 
6 
13 
19 
8 
9 
days 
35 
32 
25 
25 
20 
20 
1/10 
1/20 
1/10 
(fresh strain). 
1/lO 
1/lO 
1/lo 
4- 
"4- 
± 
4- 
4- 
4- 
q-q- 
4- 
q-q- 
q--k+ 
-t-q-+ 
-t-+ 
DISCUSSION. 
In the production of bacterial filtrates by Besredka's methods no 
evidence of specific growth inhibition was observed in any preparation, 
even  in  those  reinoculated  and  refiltered as  many  as  four  times. 
Where  any  growth inhibition  at  all  occurred,  it  was  entirely non- 
specific, and a simple correction of the hydrogen ion concentration was 
always sufficient to promote luxurious regrowth of the specific strain. 
Besredka's published data are so incomplete that it is impossible to 
judge whether his growth-inhibitory factor was a wholly non-specific 
one, such as hydrogen ion concentration, or exhaustion of some simple 
nutritive constituent, or whether he may possibly have been dealing 
with a bacteriophage phenomenon. 
That  such  filtrates  do  produce  a  strictly  local  immunity of  the 
skin when injected intracutaneously our results confirm, but we could 
never by any variation of age of filtrate, inoculating dose, or of inter- 
val between skin infiltration and test inoculation show any greater 
protection from the filtrate than from the broth  with  which  it  was 
made.  In fact, in several instances the original or uninoculated ster- 
ile broth seemed slightly more effective.  The method of poulticing 
the skin with moist dressings proved wholly ineffective.  That such 
treatment can produce a  general immunity of the entire animal,  as 
Besredka  claims,  seems most  improbable,  especially since  multiple 
and repeated cutaneous infection with virulent organisms failed  to 
give any evidence of a  general immunity.  Rivers' results, as well as 
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filtrate injection of the skin is entirely non-specific in character.  We 
have no direct evidence of its character, but are inclined to agree with 
him that it is most probably due to a rapid mobilization of phagocytes. 
This  would also probably explain the strictly local and non-specific 
immunity persisting for several weeks in the site of the former infec- 
tious lesions of the skin. 
SUMMARY. 
1.  Bacterial filtrates were prepared by the methods described by 
Besredka,  but  these never developed any specific growth-inhibiting 
factors. 
2.  Such filtrates produced a  strictly local immunity of the areas of 
the skin infiltrated but such protection was never greater than that 
produced  with  the  broth  from  which  they  were  prepared.  This 
immunity was manifest within 8 hours and persisted at least 15 days. 
3.  Transcutaneous  treatment by moist dressings soaked in  either 
filtrate or broth were entirely ineffective. 
4.  Sites of healed cutaneous lesions show a  strictly local and non- 
specific immunity for a period of 5 to 6 weeks. 
5.  Repeated intracutaneous infection with-virulent  staphylococci 
failed to produce a general cutaneous immunity. 
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